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Purpose: We aimed to analyze the serum vitamin D level in Chinese patients with type 2
diabetes mellitus (T2DM) and discuss its correlation with nonalcoholic fatty liver disease
(NAFLD).

Patients and Methods: A total of 300 patients with T2DM (92 patients without NAFLD
and 208 patients with NAFLD) were enrolled, and 25-hydroxyvitamin D [25-(OH)D] levels
were compared between the two groups. Second, the NAFLD fibrosis score (NFS) and fatty
liver index (FLI) were used to group patients with T2DM complicated by NAFLD, and the
differences in serum 25-(OH)D in patients with different degrees of liver fibrosis were
compared. Third, multiple regression analysis was used to analyze the independent predictors
of liver fibrosis in patients with T2DM complicated by NAFLD.

Results: The level of 25-(OH)D in patients with T2DM complicated by NAFLD was
significantly lower than that in patients with T2DM alone. Based on the NFS and FLI, the
25-(OH)D level of the hepatic fibrosis subgroup was significantly lower than that of the
subgroup without liver fibrosis. 25-(OH)D was found to be an independent predictor of liver
fibrosis in patients with T2DM complicated by NAFLD.

Conclusion: The serum 25-(OH)D level in patients with T2DM complicated by NAFLD
was significantly reduced, and the 25-(OH)D level showed a gradual downward trend with
the degree of liver fibrosis. Low concentrations of 25-(OH)D may be indicative of the degree
of liver fibrosis in diabetic patients.

Keywords: type 2 diabetes mellitus, nonalcoholic fatty liver disease, 25-hydroxyvitamin D,
liver fibrosis

Introduction

Globally, nonalcoholic fatty liver disease (NAFLD) is usually accompanied by
insulin resistance. Unfortunately, a large number of type 2 diabetes mellitus
(T2DM) patients subsequently develop NAFLD, and some develop nonalcoholic
steatohepatitis (NASH); such patients may have further secondary liver cirrhosis or
even develop liver cancer.'? The liver can produce, absorb, store and utilize
glucose and is an important organ that maintains the homeostasis of blood glucose
metabolism.’ Insulin inhibits hepatic gluconeogenesis and controls adipogenesis, so
the rates of hepatic gluconeogenesis and lipid accumulation are closely related to
insulin sensitivity.> Liver insulin resistance leads to hyperglycemia, which can
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further aggravate insulin insensitivity. This negative cycle
promotes the pathological state of liver dysfunction and
ultimately develops into liver disease. NAFLD includes
a series of clinicopathological conditions from simple
steatosis to NASH. The prevalence of osteoporosis in
patients with NAFLD is higher than that in normal people,
and the risks of osteoporosis and osteoporotic fracture are
increased.*> Increasing evidence shows interactions
between glucose metabolism, the insulin signaling path-
way and bone metabolism.® Vitamin D is an important
hormone that regulates calcium and phosphorus metabo-
lism and bone homeostasis. In recent years, studies have
shown that vitamin D receptor and la-(OH) vitamin
D exist in extrarenal tissues such as the liver and islet
cells.” Animal experiments have shown that vitamin
D may improve hepatic glucose and lipid metabolism
in vivo and in vitro by activating the Ca2+/CaMKK f/
AMPK signaling pathway and may also improve hepatic
steatosis by upregulating ATG16L1-induced autophagy.®
However, the results of animal and human experiments
can differ, suggesting that we cannot simply infer that the
situation in humans is the same as that observed in animal
experiments. At present, there are many ways to evaluate
the degree of liver fibrosis in NAFLD patients, and the
gold standard is still a pathological examination. However,
the application of this method has some limitations due to
invasive reasons. In addition, abdominal magnetic reso-
nance imaging (MRI) can effectively evaluate liver fibro-
sis, but the application of this method is restricted by the
economic situation. At present, the noninvasive assess-
ment methods of liver fibrosis include the NAFLD fibrosis
score (NFS)”'° and fatty liver index (FLI)."' Bone home-
ostasis depends on the absorption of bone by osteoclasts
and the formation of bone by osteoblasts. An imbalance in
this tightly coupled process can lead to diseases such as
osteoporosis.'> Bone turnover markers (BTMs) include
both bone formation markers (eg, N-terminal collagen
type I extension peptide (PINP), osteocalcin, and alkaline
phosphatase (ALP)) and bone resorption markers (mainly
degradation products of collagen I, such as the f-
isomerized C-terminal peptide of type I collagen (jB-
CTX) and the N-terminal peptide of type I collagen) and
reflect bone metabolism.'?

Our previous studies showed that 25-hydroxyvitamin
D [25-(OH)D] levels were associated with decreased dia-
stolic function in Chinese adults with early-onset type 2
diabetes and that NFS and Fibrosis-4 (FIB-4), indicators of
liver fibrosis, were associated with decreased diastolic

function in adults with early-onset type 2 diabetes.'®
Therefore, is there a correlation between 25-(OH)D and
liver fibrosis in Chinese patients with type 2 diabetes? To
address this question, our team conducted further research
and investigation.

At present, few studies have been conducted to explore
the relationship between 25-(OH)D levels and the degree
of liver fibrosis in patients with type 2 diabetes mellitus
complicated by NAFLD. In this study, serum 25-(OH)D
and other bone metabolism indexes were observed in
patients with different degrees of NAFLD, and their rela-
tionship with T2DM complicated by NAFLD was
explored.

Materials and Methods

Patient Population

From July 2017 to October 2019, 300 patients with T2DM
(178 males and 122 females) were diagnosed and treated at
the Department of Endocrinology in our hospital. Among
them, 208 were complicated by NAFLD; the mean patient
age was 51.5 £ 15.2 years, and the course of diabetes was
8.3 £ 7.2 years. In total, 92 patients were not complicated
by NAFLD; the mean patient age was 40.5 + 15.0 years,
and the course of diabetes was 6.9 + 6.2 years. The inclu-
sion criterion was as follows: patients with T2DM who met
the diagnostic criteria and classification criteria of the World
Health Organization for T2DM in 1999, that is, symptoms
of diabetes plus random blood glucose concentration > 11.1
mmol/L or fasting blood glucose (FPG) > 7.0 mmol/L or 2
hPG > 11.1 mmol/L after 75 g glucose load. If no symp-
toms of diabetes are observed, then the above three exam-
inations need to be carried out on different dates, and if the
criterion is met in two of these examinations, a diagnosis of
diabetes can be made.!® Patients with other diseases, such
as acute and chronic infection, other systemic diseases,
immune system diseases, hyperparathyroidism, multiple
myeloma, bone damage caused by malignant tumors, bone
metastases and other diseases that significantly affect the
metabolism of bone calcium and phosphorus, and liver and
kidney diseases, were excluded. Patients who used drugs
that affect bone metabolism, such as glucocorticoids, cal-
cium, calcitonin, active vitamin D, common vitamin D, and
bisphosphonates, were also excluded. The diagnosis of
NAFLD was based on the following: 1) a negative history
of alcohol abuse, with a weekly ethanol intake of <70 g for
women and <140 g for men; 2) exclusion of ethanol-
induced or drug-induced liver disease, autoimmune disease,
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viral hepatitis, cholestasis, metabolic liver disease and other
liver diseases; 3) elevated levels of transaminase (alanine
transaminase (ALT) and/or aspartate aminotransferase
(AST)); and 4) confirmatory B-ultrasound results, as liver
biopsy is difficult to promote clinically. The criteria for the
diagnosis of fatty liver by ultrasound include an increase in
liver echo, a difference in liver and kidney echo, and
vascular blurring.'® Patients with variceal hemorrhage and
decompensated cirrhosis were also excluded from the study.

Methods

All patient demographics were collected in detail. Their
height, weight, and waist circumference (WC) were measured,
and body mass index (BMI) was calculated. After 8 hours of
fasting, blood samples were collected between 6:00 a.m. and
8:00 a.m. Serum ALT, AST, gamma-glutamyl transpeptidase
(GGT), triglyceride (TG), albumin, platelet, 25-(OH)D, whole
parathyroid hormone (PTH), N-terminal propeptide of type
I procollagen (PINP) and C-terminal peptide of type I collagen
(B CTX) were measured under fasting conditions. PTH was
measured with a chemiluminescence immunoassay (CLIA) on
a Beckman® automatic analyzer, and 25-(OH)D was mea-
sured with an automatic Roche® 601 analyzer. Bone mineral
density was measured by dual energy X-ray absorptiometry.

The levels of 25-(OH)D in T2DM patients were divided
into four grades: 10 ng/mL, 10-20 ng/mL, 20-30 ng/mL and >
30 ng/mL. The liver fibrosis grade of NAFLD patients (accord-
ing to the NFS) was divided into the following subgroups: the
< —1.455 subgroup (liver fibrosis exclusion subgroup), the
—1.455~0.676 subgroup (uncertain subgroup), and the >
0.676 subgroup (liver fibrosis subgroup). Patients were divided
into three subgroups according to the FLI: the < 30 subgroup
(hepatic fibrosis exclusion subgroup), the 30~60 subgroup
(uncertain subgroup), and the > 60 subgroup (hepatic fibrosis
subgroup). The NFS was calculated as follows: NFS=1.675 +
age (years) x0.037 + BMI (kg/m?) x 0.094 + IFG/diabetes
(yes=1,1n0=0) x 1.13 + AST/ALT ratio x 0.99 — platelet (x 10%
1) x 0.013 — albumin (g/dl) x 0.66.” The FLI was calculated as
follows: FLI = [e 0.953 xloge (TG mg/dl)+0.139x(BMI kg/
m2)+0.718%loge (GGT w1)+0.053%x(WC cm) — 15.745]/[1 +
€0.953 xloge (TG mg/dl)+0.139x(BMI kg/m2)+0.718xloge
(GGT w1)+0.053x(WC cm) - 15.745] x 100."

Statistical Analysis

SPSS 25.0 software was used for the statistical analyses. The
Kolmogorov—Smirnov test was used to verify whether the
variables conformed to a normal distribution. Normally dis-
tributed measurement data are expressed as the mean +

standard deviation (y + s), and an independent sample #-test
was used for comparisons between two groups. Gender com-
parisons between research groups were calculated and dis-
played by the chi-square test method. Abnormally distributed
measurement data are expressed as the median and interquar-
tile range [M (Qp, Qu)], and comparisons between two groups
were conducted with the Mann—Whitney test. Binary logistic
regression analysis was used to analyze the correlation. In the
binary logistic regression, we transformed continuous vari-
ables into classified data according to certain rules: Age was
divided into <40 years old, 40—60 years old and > 60 years old.
Waist circumference was divided into < 80 cm, 80—100 cm and
> 100 cm. The course of disease was divided into < 5 years, 5—
10 years, 10-20 years and > 20 years. Blood glucose levels
were divided into < 5 mmol/L, 5-10 mmol/L and > 10 mmol/
L. Similarly, other continuous variable data were converted
into classified data according to a certain threshold.

This study was approved by the Ethics Committee of
Beijing Shijitan Hospital, Capital Medical University and
conducted according to the Declaration of Helsinki of the
World Medical Association (ethical principles of medical
research involving the human body).

Results
General Clinical Data and Biochemical

Profiles

Our study included 300 T2DM patients (208 with NAFLD
and 92 without NAFLD) diagnosed and treated at the
Endocrinology Department in our hospital. The general con-
dition and laboratory test results of the two groups are shown
in Table 1. Patient age, waist circumference and HbAlc of
the T2DM with NAFLD group were significantly higher than
those of the T2DM without NAFLD group, and the albumin
level was significantly lower than those of the T2DM without
NAFLD group (P < 0.05). No other statistically significant
difference was observed between groups (eg, duration, BMI,
TG, glucose, insulin, HOMA-IR, calcium and phosphate).

Levels of 25-(OH)D and Other Bone
Metabolism Indexes in T2DM Patients
with or without NAFLD

Experimental data have shown that interactions among the
liver, adipose tissue and bone comprise a complex system to
regulate each other’s functions. There may be a two-way
relationship between liver metabolism and bone metabolism:
liver metabolism may affect bone metabolism and vice versa.
To investigate the effect of liver diseases on bone metabolism,
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Table | Comparative Data of the Study Groups

Item T2DM without NAFLD T2DM with NAFLD P value
Age (years) 40.51+15.04 51.53£15.10 0.000%*
Sex (F/M) 42/50 80/128 0.691
Duration (years) 3 (1-9.5) 8 (2-12) 0.064
Waist circumference (cm) 91.27£10.78 95.34%10.26 0.045%*
BMI (kg/m?) 26.20+4.18 26.50+3.74 0.673
ALT (U/l) 24 (14-39) 21 (13-29) 0.351
AST (U 20 (15-26) 18 (14-23) 0.173
TG (mmol/l) 3.30+2.65 2.21£2.06 0.338
Albumin (g/dl) 42.05+4.50 40.45+3.14 0.040%
Platelets (x10°/1) 225.29+51.12 218.96+62.81 0.564
Glucose (mg/dl) 8.12+4.03 8.44+4.38 0.678
HbAIC (%) 7.46x1.76 8.60+1.87 0.015%
Insulin (uU/mL) 8 (4.6-11.6) 9.4 (5.4-14.5) 0.260
HOMA-IR 1.34 (1.14-1.56) 1.54 (1.0-1.9) 0.709
Calcium (mg/dl) 2.25+0.09 2.23+0.09 0418
Phosphate (mg/dl) 1.31+0.20 1.27+0.20 0.263
Types of hypoglycemic drugs Insulin, insulin secretagogues, Insulin, insulin secretagogues,

Alpha-glucosidase Inhibitors, Alpha-glucosidase Inhibitors,

Metformin, DPP-IV inhibitor Metformin, DPP-IV inhibitor

Notes: T2DM with NAFLD compared with T2DM without NAFLD; *P<0.05, **P<0.01. Results with statistical significance were marked in bold.
Abbreviations: BMI, body mass index; ALT, alanine transaminase; AST, aspartate aminotransferase; TG, triglyceride; HOMA-IR, homeostasis model assessment of insulin

resistance index.

we analyzed the changes in PINP, B-CTX, osteocalcin, ALP,
PTH, 25-(OH)D and bone mineral density (BMD) levels in
patients with T2DM complicated by NAFLD (Table 2). The
results showed that the level of 25-(OH)D in patients with
T2DM complicated by NAFLD was significantly lower than
that in patients with T2DM only (P < 0.01). In addition, the
levels of PINP, B-CTX, osteocalcin, vertebral bone density and
hip bone density in patients with T2DM complicated by
NAFLD were significantly lower than those in patients with
T2DM only (P < 0.05). There was no significant difference in
PTH or ALP between the two groups.

Binary Logistic Regression Analysis
Reveals the Independent Predictors of
NAFLD in Patients with T2DM

Binary logistic regression analysis was performed with
NAFLD as the dependent variable and 25-(OH)D, waist

circumference, TGs, albumin, insulin, fasting blood glu-
cose (FBG), HOMA-IR, age, BMI, duration, ALT and
AST as independent variables. The results showed that
25-(OH)D (OR = 1.084, P = 0.013) and age (OR =
0.954, P = 0.008) were independent predictors of
NAFLD in patients with T2DM (Table 3).

Correlation Analysis of the NFS, FLI and

Various Indexes

The NFS and FLI are internationally recognized indicators
that are used to evaluate the degree of liver fibrosis in
patients with T2DM. All patients with T2DM complicated
by NAFLD were divided into three groups according to
the NFS and FLI: the liver fibrosis group, the uncertain
subgroup and the hepatic fibrosis subgroup. The differ-
ences in PINP, B-CTX, osteocalcin, ALP, PTH and 25-
(OH)D levels between the three groups were compared
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Table 2 PINP, B-CTX, 25-(OH)D and Bone Mineral Density Levels Between T2DM Patients with or without NAFLD
Item T2DM without NAFLD T2DM with NAFLD P value
25-(OH)D (ng/mL) 16.164+4.344 13.815+6.864 0.007%%*
<10 (N) 14 62
10~20 (N) 55 114
20~30 (N) 19 24
>30 (N) 4 8
PTH (pg/mL) 35.497+20.688 35.625+20.798 0.975
PINP (ng/mL) 45.735+17.964 37.389+20.288 0.035%
B-CTX (ng/mL) 0.525+0.299 0.348+0.192 0.003%%*
Osteocalcin (ng/mL) 12.733+5.288 10.575+4.542 0.031%*
ALP (U/l) 70.320%16.738 70.940+26.364 0.887
Vertebral bone density —0.939+0.796 —1.186+0.868 0.020%*
>-1 (N) 53 90
—1~-2.5 (N) 24 70
<25 (N) I5 48
Hip bone density —0.397+0.625 —0.606+0.545 0.004%*
>-1 (N) 59 132
~1~25 (N) 8 64
<25 (N) I5 12

Notes: T2DM with NAFLD compared with T2DM without NAFLD; *P<0.05, **P<0.01. Results with statistical significance were marked in bold.
Abbreviations: 25-(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone; PINP, N-terminal collagen type | extension peptide; B-CTX, B-isomerized C-terminal peptide

of type | collagen; ALP, alkaline phosphatase.

Table 3 Binary Logistic Regression Analysis of Factors Associated with NAFLD in T2DM Patients

Covariate Univariate Analysis Multivariate Analysis

OR 95% ClI P value | OR 95% ClI P value
25-(OH)D (ng/mL) 1.051 0.995-1.111 0.077 1.084 1.017-1.155 0.013*
Glucose (mmol/l) 0.981 0.897-1.073 0.676
HOMA-IR 1.302 0.276-6.140 0.739
ALT (U/l) 1.010 0.994-1.026 0.236
AST (U/l) 1.015 0.993-1.036 0.183
Duration (years) 0.954 0.901-1.009 0.098
BMI (kg/m?) 0.980 0.892-1.077 0.670
Waist circumference (cm) 0.960 0.923-1.000 0.048* | 0.959 0.918-1.002 0.061
TG (mmol/l) 1.070 0.929-1.231 0.348
Albumin (g/dl) 1.133 1.022-1.256 0.017* | 1.003 0.887-1.133 0.967
Insulin (nU/mL) 0.978 0.930-1.029 0.388
Age (years) 0.946 0.918-0.975 0.000* | 0.954 0.922-0.988 0.008*

Notes: Binary logistic regression analysis, *P<0.05 was statistically significant. Results with statistical significance were marked in bold.
Abbreviations: 25-(OH)D, 25-hydroxyvitamin D; HOMA-IR, homeostasis model assessment of insulin resistance index; ALT, alanine transaminase; AST, aspartate
aminotransferase; BMI, body mass index; TG, triglyceride.
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Table 4 Index Based on Different Degrees of Liver Fibrosis in T2DM Patients with NAFLD

Item Patients | 25-(OH)D (ng/mL) | PTH (pg/mL) PINP (ng/mL) B-CTX (ng/mL) | Osteocalcin (ng/mL)

NFS
<-1.455 52 13.585£5.172 33.067+18.293 37.635%15.892 0.413+0.238 10.693+4.497
—1.455~0.676 128 14.496+6.599 35.783+21.926 34.836+11.297 0.312+0.142 10.456+3.730
>0.676 28 9.3654.759**4 33.823+24.732 48.894+34.186 0.378+0.228 10.185+4.845

FLI
<30 68 15.756+8.501 35.942+19.368 34.584+12.475 0.322+0.166 10.041+3.221
30~60 63 13.796+4.156 38.775+27.570 43.939+18.314 0.420+0.244 12.848+5.146*
>60 77 11.713%£5.961* 31.755£17.604 | 32.461%10.729* 0.307+0.150 8.90912.654*

Notes: Compared with <-1.455, ¥P<0.05; >0.676 compared with —1.455~0.676, *P<0.05, **P<0.01; compared with <30, *P<0.05; >60 compared with 30~60, “P<0.05,

44P<0,01. Results with statistical significance were marked in bold.
Abbreviations: NFS, NAFLD fibrosis score; FLI, fatty liver index.

(Table 4). Our study showed that the 25-(OH)D level of
the liver fibrosis subgroup was significantly lower than
that of the liver fibrosis exclusion subgroup and the uncer-
tain subgroup according to the NFS (P < 0.05). There was
no significant difference in PINP, B-CTX, osteocalcin,
ALP or PTH between the three groups. According to the
FLI, the level of 25-(OH)D in the liver fibrosis subgroup
was significantly lower than that in the liver fibrosis exclu-
sion subgroup (P < 0.05). The level of osteocalcin was
significantly lower in the liver fibrosis subgroup than in
the uncertain subgroup (P < 0.01), and the level of osteo-
calcin was significantly lower in the uncertain subgroup
than in the hepatic fibrosis exclusion subgroup (P < 0.05).
There was no significant difference in PINP, B-CTX, ALP
or PTH among the three groups.

Discussion

The results of our study reveal a correlation between the
serum vitamin D level and NAFLD in patients with
T2DM. The vitamin D level in patients with T2DM com-
plicated by NAFLD is significantly lower than that in
patients with T2DM only. Vitamin D plays an important
role in many pathophysiological processes. Studies in
human and animal models have shown that vitamin
D deficiency can promote oxidative stress, increase the
systemic inflammatory response, reduce adiponectin
levels, activate Toll-like receptors and promote the occur-
rence of NAFLD.'”'® Vitamin D and liver diseases have
an interactive relationship. Vitamin D can prevent hepatic
steatosis by stimulating autophagy.® Vitamin D deficiency
can cause insulin resistance, increase the expression of the
liver resistin gene and upregulate the expression of hepa-
titis and oxidative stress genes, thus promoting the occur-
rence and development of NAFLD.!” In turn, NAFLD

affects vitamin D levels. Vitamin D, which is found in
some foods and produced by the skin through light, needs
to be hydroxylated in the liver; thus, its synthesis can be
affected by liver diseases.

Our study showed that the BMD of the vertebral body
and hip joint in T2DM patients complicated by NAFLD
was lower than that in T2DM patients without NAFLD.
The serum levels of PINP and osteocalcin in T2DM
patients complicated by NAFLD were lower than those
in T2DM patients without NAFLD, and the levels of the
osteoclast-derived molecule B-CTX were also lower in
T2DM patients. This finding suggests that there may be
bone-liver interactions, which are worthy of further study.
Liver disease can affect bone metabolism in a variety of
ways.'? Cytokines involved in chronic liver disease, such
as IL-1, IL-6 and TNF-q, can activate the NF-xB ligand/
osteoprotegerin receptor activator (RANKL/OPG) system.
These cytokines increase osteoclast formation and activity
and prevent osteoblast formation.”>?' In addition, TNF-a
not only participates in the stimulation of osteoclasts but
also inhibits the activation of osteoblasts in their progeni-
tor cells.””> TNF-a stimulates the expression of genes
related to osteoclast formation and suppresses the expres-
sion of genes related to osteogenesis.”> Similarly, TNF-o
inhibits osteoclast apoptosis, and by binding to osteoblast
receptors, TNF-a also inhibits osteoblast proliferation/dif-
ferentiation and increases apoptosis in progenitor cells.**
Insulin-like growth factor-1 (IGF-1) is synthesized mainly
by the liver and is a regulatory factor of bone formation.
IGF-1 promotes the proliferation and differentiation of
osteoblasts by autocrine and paracrine mechanisms and
decreases with aging and liver diseases. Liver lesions can
lead to abnormal IGF-1 synthesis and ultimately to bone
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loss and bone metabolism abnormalities.”>*® Both osteo-
genesis and osteoclast are affected.

The NFS and FLI are internationally recognized indicators
that can reflect the degree of liver fibrosis in patients with
diabetes mellitus. Because liver biopsy cannot be widely
used in clinical practice, we used the above two indicators for
the classification of liver fibrosis in patients with T2DM and
NAFLD. With both methods, we found that serum vitamin
D levels in patients with liver fibrosis were significantly lower
than those in patients without liver fibrosis. This finding also
suggests that the effect of liver disease on vitamin D levels is
related to the severity of liver disease.

Vitamin D deficiency has also been linked with the
development of cancer, particularly liver cancer.”’
Maintaining normal levels of serum vitamin D is essential.
Several supplements, such as omega-3 supplementation,

can be used to increase vitamin D levels.?®

Study Limitations

There are some limitations to this research that should be
noted. First, although NFS and FLI are commonly recognized
indicators to reflect the degree of liver fibrosis in NAFLD
patients, pathological diagnosis is the gold standard to judge
the degree of liver fibrosis. It is expected that more pathological
diagnosis studies will further confirm our view in the future.
Second, our results show that both bone osteogenesis and
osteolysis are affected in T2DM patients with NAFLD.
However, the sample size of our study was limited. In future
studies, we will further clarify the change trend in bone forma-
tion markers and bone absorption markers in T2DM patients
with NAFLD by increasing the sample size. The association of
vitamin D deficiency with prognosis, such as progression to
NASH, liver decompensation, and development of hepatocel-
lular carcinoma (HCC), needs to be discussed in prospective
studies. Third, our study is a retrospective study, and it is
impossible to observe whether the degree of liver fibrosis is
improved after vitamin D supplementation in patients with low
vitamin D levels. In future prospective studies, we will carry
out this part of the study to clarify the effect of low vitamin
D levels on the degree of liver fibrosis in patients with diabetes.

Conclusion

Our study showed that there were differences in age, waist
circumference and other factors between T2DM patients
with NAFLD and those without NAFLD. To exclude their
influence on the results, we included them in the binary
logistic regression analysis for correction. After excluding
these factors, 25-(OH)D was still associated with the

occurrence of NAFLD in T2DM patients, which suggested
that 25-(OH)D was a risk factor for NAFLD in T2DM
patients or that a lower 25-(OH)D level may indicate an
increased risk of NAFLD in patients with T2DM.

In conclusion, the results of this study showed that the
serum 25-(OH)D level and BMD were significantly decreased
in T2DM patients with NAFLD, and the level of 25-(OH)D
gradually decreased with the aggravation of liver fibrosis. The
25-(OH)D level is an independent predictor of liver fibrosis in
T2DM patients with NAFLD and may be used as a predictor of
liver fibrosis in these patients.

Abbreviations

T2DM, type 2 diabetes mellitus; NAFLD, nonalcoholic fatty
liver disease; NASH, nonalcoholic steatohepatitis; 25-(OH)D,
25-hydroxyvitamin D; NFS, NAFLD fibrosis score; FLI, fatty
liver index; FIB-4, Fibrosis-4; BTMs, Bone turnover markers;
PINP, N-terminal collagen type I extension peptide; ALP, alka-
line phosphatase; B-CTX, B-isomerized C-terminal peptide of
type 1 collagen; PTH, parathyroid hormone; ALT, alanine
transaminase; AST, aspartate aminotransferase; GGT, amma-
glutamyl transpeptidase; TG, triglyceride.
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